Salmonella and Shigella species are routinely sought in stool specimens submitted for culture. It is a common practice to screen lactose-negative colonies by using triple sugar iron agar, lysine iron agar, and Christenson urea agar to determine if further identification is necessary.
We designed and evaluated a novel combination of media, which are layered in a single tube, for screening isolates suspected to possibly represent Salmonella or Shigella. We tested this media combination with 106 Salmonella, 56 Shigella, and 56 other gram-negative bacilli.
All Salmonella and Shigella isolates tested were appropriately characterized as possible Salmonella or Shigella by using an algorithm developed for use with this media combination. Similarly, 53 
(95%) of 56 other gram-negative bacilli were appropriately screened as non-Salmonella and non-Shigella isolates. This unique media combination provides the most important biochemical reactions needed to screen for Salmonella and Shigella in a single-tube format, which decreases labor by two thirds (ie, 1 tube is inoculated vs 3 ).
Salmonella and Shigella species are important causes of enteritis throughout the world; in addition, Salmonella enterica serotypes Typhi and Paratyphi are important causes of enteric fever in underdeveloped countries that lack adequate sewage disposal and water treatment facilities. [1] [2] [3] [4] [5] A wide variety of selective and differential media and identification systems have been tested during the past half century for the rapid differentiation of Salmonella and Shigella from normal enteric flora. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] The urea agar is one of the most useful of these screening media, which readily differentiates the lactosenegative Salmonella and Shigella isolates, which are ureasenegative, from many of the lactose-negative normal enteric flora that produce urease, such as Proteus, Providencia, and Morganella. 10, 19, 21, 26 The other biochemical reactions important for the detection of Salmonella are lysine decarboxylation and hydrogen sulfide (H 2 S) production. The fermentation of glucose without the production of gas and the absence of motility are important tests for the differentiation of Shigella species from other members of the Enterobacteriaceae. 26, 27 It is standard practice in many clinical microbiology laboratories to further screen lactose nonfermenting colonies that are isolated from MacConkey and Hektoen-Enteric agars, which have been directly inoculated with stool specimens. 3, 5, 26, 27 A commonly used screening method, and the method used at the Cleveland Clinic, Cleveland, OH, uses 3 tubed/slanted agars (ie, the 3-tube set), which consists of a triple sugar iron (TSI) agar, a lysine iron (LIA) agar, and a Christensen urea agar. 3, 5, 27 Although useful and effective, it has been noted that some of the reactions that may occur with the TSI and LIA agars are redundant. 25 Therefore, we designed and evaluated a novel combination of media, which are layered in a single tube (the single-tube screen [STS] ), PROOF that provides the most important reactions of the 3-tube set. The STS and an algorithm that was developed to facilitate its optimal use were tested with numerous isolates of Salmonella and Shigella and other gram-negative bacilli that may be encountered in the clinical microbiology laboratory during the routine examination of bacterial isolates from stool cultures.
The STS was the forerunner of the Enteroscreen 4 (Hardy Diagnostics, Santa Maria, CA), which is now commercially available. The reactions present in the STS and the Enteroscreen 4 are the same, although there has been some slight modifications made to the formulation described herein (see https://www.hardydiagnostics.com/catalog2/hugo/ EnteroScreen4.htm). In addition, the algorithm for use has also slightly been changed. Therefore, although similar, this study cannot be construed as a technical evaluation of the Enteroscreen 4, but is rather a study of the precursor of this product.
Materials and Methods
The STS system that was devised and tested consisted of 4 layers within a single tube. Three of the layers were agar media, whereas the fourth layer was sterilized petrolatum (Fisher, Hanover Park, IL) ❚Table 1❚ and ❚Image 1A❚. The 4 layers of the STS system from the top to the bottom of the tube were as follows: (1) lysine, glucose, and peptonecontaining medium with the ingredients necessary to detect H 2 S production; this layer was slanted; (2) lysine, glucose, and peptone-containing media without the ingredients for H 2 S production; (3) sterilized petrolatum; and (4) standard urea agar. Preliminary studies demonstrated the need for an algorithm to aid in the order in which the reactions should optimally be interpreted; such an algorithm was developed with this product ❚Figure 1❚.
The urea reaction was interpreted first in the algorithm. If the urea reaction was positive, as indicated by a color change from yellow to pink or red, the isolate was considered not to represent Salmonella or Shigella ❚Image 1D❚. If the urea reaction was negative (ie, remained yellow), the lysine decarboxylation reaction was assessed. This was interpreted just above the hydrophobic petrolatum barrier. If the lysine decarboxylation reaction was negative, which was indicated by a yellow color ❚Image 1C❚, the isolate was considered not to represent a Salmonella species. However, if the lysine decarboxylation reaction was positive, as indicated by a purple color ❚Image 1B❚, the possibility of a Salmonella species remained. If the urease and the lysine decarboxylation reactions were negative, as described above, then the presence of gas production was assessed throughout the tube. If gas was present in this scenario, as determined by the presence of bubbles or cracks in the media, the isolate was considered not to be Salmonella, because of the negative lysine decarboxylation reaction, or Shigella, because of the presence of gas. If gas was absent in this scenario, the isolate was considered to possibly represent a Shigella isolate (Image 1C) . If the lysine decarboxylation reaction was positive, the deamination reaction was considered regardless of the presence or absence of gas. The deamination reaction was interpreted at the surface aspect of the slant. A reddish or maroon color was considered positive, whereas no substantial change from the original purple was considered negative. If the deamination reaction was positive, the isolate was considered not to be a Salmonella isolate; Shigella would have already been excluded at this point by the presence of a positive lysine decarboxylation reaction. If the deamination reaction was negative in the presence of a positive lysine decarboxylation reaction, the presence of H 2 S and gas was assessed. The presence of H 2 S was assessed predominantly in the uppermost layer of media (Images 1B and 1D). If H 2 S was produced in this scenario, with or without the presence of discernible gas, the isolate was considered a potential H 2 S-producing Salmonella (Image 1B). If, in the presence of a positive lysine decarboxylation reaction, H 2 S was not detected, but gas production was present, the isolate was considered a potential H 2 S-negative Salmonella species.
If the area where the lysine decarboxylation reaction was interpreted demonstrated no color change and there was no evidence of H 2 S or gas production, possibility of a nonglucose fermenter such as Pseudomonas aeruginosa was considered. In such cases, an oxidase reaction was performed from isolate recovered from the slant. If the test organism was oxidase positive, the isolate was considered not to be Salmonella or Shigella. If the organism was oxidase negative, the possibility of a poorly reactive Salmonella strain could not be excluded, so we recommended complete identification. The STS tube inoculated with Salmonella (B) demonstrates hydrogen sulfide production, which does not obscure the positive lysine decarboxylation reaction, and a negative urea reaction. The STS tube inoculated with Shigella (C) demonstrates glucose fermentation (no gas was produced) and negative lysine decarboxylation and urease reactions. The STS tube inoculated with Proteus (D) demonstrates a positive urea reaction, deamination of amino acids, and hydrogen sulfide production. Note that diffusion of ammonium ions from the urea agar has caused a shift in the bromocresol purple indicator in the top half of the tube. This demonstrates the need to use this system according to the associated use algorithm. 
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Oxidase from slant ❚Figure 1❚ Algorithm for use of the single-tube screen (STS). The sterilized petrolatum layer is useful for separating these media that use different indicators. Hydrogen and ammonium ions, however, can diffuse across this barrier. Therefore, the STS should be used with this codeveloped algorithm for the optimal performance of this product.
PROOF
In this manner, we tested the STS with 218 gram-negative bacilli. These consisted of 106 isolates of Salmonella (23 Salmonella typhi strains and 83 nontyphi Salmonella strains, with representatives strains from 19 serotypes), 56 Shigella isolates (with representatives from each of the 4 species), and 56 other gram-negative bacteria, representing commonly encountered lactose-negative Enterobacteriaceae and P aeruginosa ❚Table 2❚. The bacteria had been identified by traditional biochemical testing and/or the Vitek GNI card used with the Vitek legacy system (bioMerieux, St Louis, MO). Traditional testing with the TSI, LIA and Christensen urea agars was performed on isolates for which the screening result with the STS was inconsistent with the organism identification. The identifications of the Salmonella species, Shigella species, Escherichia coli O157:H7, and Yersinia enterocolitica isolates were confirmed by the public health laboratories in the states in which the organisms were initially recovered.
The bacterial isolates were recovered from frozen stock on sheep's blood agar before testing. One additional passage of each isolate, was performed and growth from the fresh transfer was used to inoculate the STS system. The tubes containing the STS media were inoculated with 1 of the test isolates each. Inoculation was performed with a sterile wooden stick; the tubed media was stabbed once to the bottom of the tube, and the slant was streaked. The tubes were incubated for 18 to 24 hours at 35°C with air.
Results
All 106 isolates of Salmonella and 56 isolates of Shigella were appropriately screened in as possible Salmonella and possible Shigella by the STS system. Of the 56 non-Salmonella and non-Shigella bacterial isolates, 53 (95%) were appropriately screened out by the STS using the associated algorithm. The results of the TSI, LIA, and urea agars that were performed on the discrepant isolates demonstrated that these were uniformly weak producers of urease. The 3 isolates inappropriately characterized as possible Salmonella or Shigella by the STS were 1 isolate each of Y enterocolitica, a Citrobacter species, and an Enterobacter species. We hypothesize that the abundant fermentation of glucose in the upper layers of media resulted in sufficient hydrogen ion production to afford a slight penetration of the petrolatum layer and neutralization of the weak urea reaction. Therefore, the detection of urea in the STS is not as sensitive as detection using Christensen urea agar alone.
Discussion
The STS system is a novel combination of the media, some of which have been modified, that have proven effective through years of use in clinical microbiology for the differentiation of Salmonella and Shigella isolates from other members of Enterobacteriaceae and other gram-negative bacilli. The 2 lysine-containing media in the upper half of the STS system are identical in composition, except for the ingredients necessary for H 2 S production, which are present only in the uppermost layer. These were constructed so that when H 2 S production occurred, it would not obscure the area in which the lysine decarboxylation reaction was interpreted, which may occur with the LIA medium. These media contain glucose for fermentation and gas production. In addition, peptones are present that afford the aerobic amino acid deamination reaction that occurs on the slant with certain nonenteric pathogens, such as Proteus species.
Unlike the TSI, we did not include sucrose or lactose in the STS. Lactose-and/or sucrose-fermenting strains of Salmonella have been reported that cause serious disease. 1, 10, 15, 21, 22 For example, Salmonella paratyphi A is known to produce an acid-over-acid reaction in the TSI tube; it is thereby mistaken for non-Salmonella members of Enterobacteriaceae. The amount of glucose present in the STS is greater than that in the LIA but similar to the amount found in the TSI. This concentration of glucose was chosen to facilitate the assessment of gas production. The presence of the slanted uppermost medium allows recovery of the organism for additional testing, such as oxidase testing. The bottommost layer that consists of standard urea agar readily identifies strong urease producers, thereby distinguishing them from Salmonella and Shigella. The sterilized petrolatum layer separates the urea medium, with its potentially basic reaction, from the lysine-containing media in which glucose fermentation and acid production occur; these different media also use different pH indicators. Although effective, this barrier is an incomplete hydrophobic layer. The vigorous fermentation of glucose could produce sufficient acid to neutralize a weak urea reaction, which was seen with a few isolates in this study. Similarly, the vigorous production of a urease could produce sufficient ammonium ions to shift the pH in the lysine-containing media to produce a false-positive lysine decarboxylation reaction. Fortunately, this latter contingency is considered in the algorithm (ie, the lysine decarboxylation reaction is not important if a positive urease reaction is present). The false-positive lysine decarboxylation reaction due to strong urease production does not result additional testing to exclude the possibility of a Salmonella isolate because the urease reaction is the first reaction considered in the algorithm and isolates with positive urease reactions are excluded as non-Salmonella and nonShigella isolates.
The detection of all 162 Salmonella and Shigella isolates tested demonstrates the high sensitivity (100%) of the STS system for appropriately characterizing these genera. High sensitivity is a desired characteristic in a screening test, whereas high specificity is desired for a confirmatory test. Of 56 isolates of non-Salmonella and non-Shigella gram-negative bacilli tested, 3 were erroneously screened as potential pathogens, yielding a specificity of 95%. Organisms that are currently inappropriately screened as potential Salmonella and Shigella isolates with the 3-tube set would also be expected to be similarly screened with the STS.
The STS seems promising as a single-tube alternative to the 3-tube set (TSI, LIA, and Christensen urea) for the screening of lactose-negative stool isolates that may represent Salmonella or Shigella, but it must be used with the associated algorithm. Given the false-negative urease reaction for an isolate of Y enterocolitica, we believe the STS should not be used to screen for the possibility of this enteric pathogen. Finally, a modified version of the STS is available as the Enteroscreen 4. Although the reactions are essentially the same as those described herein, the formulation of the media in the commercially available product is slightly different (see https:// www.hardydiagnostics.com/catalog2/hugo/EnteroScreen4. htm), and the algorithm for use is slightly changed. Therefore, although similar, this study cannot be construed as a technical evaluation of the Enteroscreen 4, but rather is a study of the forerunner to this product.
